Background: The aim of this study was to evaluate microvessel density (MVD) by expression of CD31 and CLEC14A in core biopsies from previously untreated patients with locally advanced breast cancer (LABC) and assess its prognostic significance. Methods: MVD was evaluated in core needle biopsies (n = 92), collected prior to any treatment, from patients who were diagnosed with locally advanced breast cancer (LABC). Immunohistochemistry for expression of CD31 and CLEC14A were performed on these tumours. The median duration of follow-up was 9.3 years. The effect of prognostic factors on disease free survival (DFS) and overall survival (OS) was assessed using a Log rank test and Cox regression model. Results: The clinical factors such as age, clinical nodal stage, stage and pathological nodal status were found to be significant in predicting overall survival by multivariate analysis (P<0.05). Out of 92, 52 tumours had blood vessels expressing CD31, whereas in the remainder, there was no expression. The mean and median MVD of CD31 in 92 tumours was 38 and 5.5 respectively, and it was not a significant factor for predicting disease free survival or overall survival. When we considered the tumours (n=52) which expressed CD31, patients who had very high MVD (>100), had inferior progression free survival and overall survival (P=0.5). There was no expression of CLEC14A in any of the core needle biopsies whereas it was expressed in specimens from mastectomy from the same patient. Conclusion: This is the first report of MVD in LABC prior to any treatment. The results suggest angiogenesis could be a prognostic factor in LABC.
Introduction
Breast cancer is becoming the most frequent type of cancer among women in India. It is the second highest cause of cancer-related mortality among women in the world (Ferlay et al., 2010) . The incidence of breast cancer in India nearly ten years ago was 10 per 100,000 women whereas currently it has increased to 23 per 100,000 (Shetty, 2012) . The major concern is that despite the technological advances and screening campaign, women present with locally advanced breast cancer (LABC) due to lack of awareness. Among the patients with breast cancer attended our hospital between 1990 and 1999, 69% of the patients present with LABC (Shanta et al., 2008) . The1 * progression of tumours (Folkman, 1971) . The research over the past decade has concentrated on identifying a specific marker for tumour blood vessels as they are functionally and morphologically different from their normal counterparts. Under hypoxic conditions inside a tumour, the expression of nearly 2,000 genes changes in the tumour vascular endothelium (Dachs and Chaplin, 1998) . During the progression of the tumour, the normal phenotype of the blood vessel changes to an abnormal one by a process called angiogenic switch (Bouck et al., 1996; Hanahan and Folkman, 1996) . Targeting tumour endothelial cells requires a surface marker which can specifically identify them (Siemann, 2011) . There are several tumour endothelial markers (TEMs) associated with neoangiogenesis (Heath and Bicknell, 2009 ). The expression is quantified by identifying vessels that express these markers. In breast tumours following mastectomy, it has been shown that high MVD is associated with poor survival (Weidner, 2000; Uzzan et al., 2004) . Conventionally, CD31, CD34 and von Willebrand factor (VWF) have been used in evaluating the MVD.
The microvessel counts of CD31 otherwise known as PECAM1 and CD105 has been demonstrated to be an adverse prognostic factor in breast cancer patients (El-Gohary et al., 2007) . Recently, other specific TEMs have been identified such as CLEC14A (Mura et al., 2012; Krishna Priya et al., 2017) . It has been reported that the expression of CLEC14A was evident only in the tumours whereas it was very low or zero in normal tissues. Although there are many reports evaluating microvessel density as a prognostic factor in breast cancer, these have been largely in operable early breast cancer. In India, as LABC is more common, there have been very few reports on evaluation of microvessel density in this group of patients. Further we wish to evaluate whether it was possible to correlate expression of blood vessels as detected by surface marker expression in a core needle biopsy with other prognostic factors related to outcome. Therefore, we wished to compare the expression of CD31 with that of CLEC14A to assess which would be better in evaluation of microvascular density.
Materials and Methods

Patients
Consecutive patients, who presented to the Cancer Institute (WIA) with locally advanced carcinoma of the breast (LABC) from January 2007 to December 2007, were chosen for the study. Locally advanced breast cancer included stage III (A, B, and C). Those patients who were found to have early breast cancer or metastatic disease were not included in the study. The diagnosis was established in all patients by core needle biopsy from the tumor. The paraffin blocks of these patients were obtained from the archive. Each tissue section was checked to ensure that it had at least 50% malignant cells. The study was approved by Institutional ethics committee. The follow up ranged from 6 months to 10 years with a median follow up of 9.3 years. The patients were followed from January 2008 to December 2017.
Treatment
Patients with LABC were treated with the institute protocol of neo-adjuvant treatment (chemoradiation) prior to definitive surgery (modified radical mastectomy or breast conservation surgery). The neoadjuvant chemoradiation protocol included four to six cycles' chemotherapy concurrent with external beam radiation (EBRT) (Shanta et al., 2008) .
The chemotherapy which was given q3 weekly included either of the following regimens. These were 5-Fluorouracil, Adriamycin, Cyclophosphamide (FAC), 5-Fluorouracil, Epirubicin and Cyclophosphamide (FEC), Cyclophosphamide, Methotrexate, 5-Fluorouracil (CMF) and Paclitaxel, Epirubicin (TE) according to standard doses (Shanta et al., 2008) .
The protocol for concurrent EBRT fields included the whole of the breast, axilla and internal mammary region. All patients received radiation with cobalt beam therapy. Patients with cN1 axillary nodal disease received radiation to breast and axilla (TD 40Gy, 200cGy/dayx20 fractions) followed by surgery. If there was residual disease in axillary nodes after surgery, those patients received radiation to supraclavicular and internal mammary nodal regions (TD 40Gy). If there were no axillary nodes, radiation to internal mammary nodal regions only was delivered after surgery. In those patients presenting with cN2 or cN3 disease, radiation was given to breast, axilla and supraclavicular regions (TD 40Gy) followed by radiation to internal mammary nodal regions (TD 40Gy) after surgery.
EBRT was started with the 1st cycle of chemotherapy in patients who had the cT3N1 disease and among patients with cT4bN0-2 who didn't have a gross breast tissue infection or skin ulceration. Patients with skin ulceration or gross breast tissue infection received 2-3 cycles of chemotherapy initially and radiation was added when a satisfactory reduction in tumor size was documented with a physicians' assessment of tolerance to concurrent radiation. All patients subsequently underwent definitive surgery. Further, these patients received chemotherapy for a total of 6 cycles followed by hormonal therapy i.e., tamoxifen or aromatase inhibitors. The clinicopathological data on all tumours was collected and recorded. Immunohistochemistry Briefly, formalin fixed paraffin embedded tissues were cut into sections of 4-micron thickness and fixed onto glass slides. The tissue sections were deparaffinized through three changes of xylene followed by rehydration with graded series of alcohol of 100%, 90%, and 80%. The tissues were washed with distilled water and further subjected to heat induced epitope retrieval (HIER). The antigen retrieval for CD31 was carried out in a microwave oven by immersing the tissue slides in citrate buffer, pH 6 for 15 minutes. The tissues were further blocked with hydrogen peroxide and blocking solution (Biogenex) to reduce the non-specific staining. Subsequently, the tissues were incubated with the CD31 antibody (Mouse monoclonal, ready to use, Biogenex) and CLEC14A (Sheep polyclonal, 1:40, R and D systems) for overnight at 4°C. Next day, the tissue sections were washed with PBS and incubated with anti-mouse HRP antibody (ready to use, Biogenex) for 1 hour. The tissues were incubated with DAB for 15-30 minutes for the development of the brown colour. Further, the tissues were counterstained with hematoxylin and mounted in DPX. The slides were observed under microscope and images were captured (Nikon E200). For CLEC14A, the tissues were subjected to HIER in a water bath (citrate buffer, pH6) for 30 minutes by giving an interval of 5 minutes after the first 15 minutes (Krishna Priya et al., 2017) .
Evaluation of microvessel density
The tissues were small and hot spots could not be identified and the Chalkley method was not used to determine the vascular count. Hence, the total number of stained vessels was counted in each tumour by two independent individuals and the average of both readings was considered for further analysis (Fox and Harris, 2004) .
Statistical analysis
The prognostic factors and their relation to the clinical outcome were evaluated by Cox proportional model respectively. ER status was not available in 2 patients. Similarly, there were 65 (50%) patients with PR positive tumours and 65 (50%) with PR-negative (PR status for 5 patients was not available). Evaluation of the c-erb2 receptor was not routinely performed on tumours during 2007 and therefore not available. Two patients had grade 1 tumors, 60 were grade 2 tumors and 66 were grade 3 tumors. For 7 patients, the information on the grade of the tumor was not available. For statistical analysis grade, 1 and 2 tumors were grouped as low grade and grade 3 as high grade.
Treatment
Eighty-nine patients (66%) received FAC, 22 (16.2%) FEC-60, 3 (2.2%) Paclitaxel + Epirubicin and 21 patients (15.5%) CMF chemotherapy. Concurrent radiation was started with the first cycle of chemotherapy for 119 (88%) patients and the remaining 16 patients received radiation in subsequent cycles. Among the 135 patients, 125 (92.5%) patients underwent an Auchincloss type of modified radical mastectomy, 8 patients underwent Patey's mastectomy and one patient underwent segmental mastectomy (breast conservation surgery). One patient progressed on chemoradiation and hence surgery on the breast was not performed and this patient subsequently died of disease. The median number of nodes removed during modified radical mastectomy was 11 (range 3 -25). The median number of nodes positive among those who did not attain pathological complete response (pCR) was 2 (range 1 -11). Out of 134 patients, 47 (35%) had a pCR on examination of their tumor and nodes at surgery after neoadjuvant chemoradiation.
Survival analysis
Out of 136, Thirty six patients had relapsed, of which 31 have died. The five-year DFS and OS were 72.5% and and the survival curves were plotted by the method of Kaplan-Meier (Kaplan and Meier, 1958; Cox and Oakes, 1984) . Overall survival (OS) was defined as the period from diagnosis until date of last follow-up or date of death from any cause. Disease-free survival (DFS) was defined as the period from the date of diagnosis to the date of relapse or death. Pathological complete response is defined as complete absence of tumour in tissues and nodes removed during surgery following radiotherapy or chemotherapy. Univariate and multivariate analysis were performed to evaluate all the factors. In multivariate analysis, since clinical and pathological nodal status is dependent, we have split them into two separate models for analysis which included age and pathological complete responses. All statistical analysis was performed using SPSS version 20. A P value less than 0.05 was considered to be significant.
Results
Patients
During January 2007 to December 2007, 237 patients with breast cancer were diagnosed to have LABC. In this study, we have included 135 patients who have received neoadjuvant chemoradiation. The remaining 102 patients were not included due to treatment abandonment, availability of only fine needle aspirate cytology, non-availability of tissues because surgery was done outside and inadequate follow-up. These 135 patients have been included in the study as they all had undergone upfront core needle biopsy followed by neoadjuvant chemoradiation and surgery and had adequate follow-up.
The median age was 47 (range 22-70). There were 98 patients with clinical stage IIIA and 37 were with clinical stage IIIB (Table 1) 75% respectively.
Univariate analysis
The clinical factors were evaluated by Cox proportional model to understand their influence on the outcome (Table 2) . Among these factors, clinical node stage and pathological nodal status (pN) were found to have a significant impact on DFS and OS. The achievement of Pathological complete response was not a significant factor probably due to sample size. On comparison between pathological node negative and positive group, there was a significant survival benefit in both DFS (HR: 2.79; 95% CI, 1.44 to 5.43; P = 0.002) and OS (HR: 3.48; 95% CI, 1.75 to 6.91; P = <0.001). Overall, 99 out of 134 patients had a complete pathological absence of tumour in axillary lymph nodes. Seventy-eight out of 96 patients with cN1 was ypN0 and 21 out of 38 cN2 disease patients had pathologically sterile nodes post neoadjuvant chemoradiation. In cN1, 20 out of 96 patients (20%) relapsed and with cN2 disease 16 (41%) of 39 patients relapsed (HR: 2.43; 95% CI, 1.26 to 4.69; P = 0.008). Nineteen of the cN1 relapsed patients died and 15 of cN2 relapsed patients died during the study period (HR: 2.3; 95% CI, 1.18 to 4.59; P = 0.014). Similarly, the univariate analysis of the subset of 92 patients, whose tumours were analysed for MVD, showed that clinical node stage and pathological nodal status (pN) were significant prognostic factors (data not shown).
Multivariate analysis
The factors which were significantly correlated with DFS and OS were considered in the multivariate analysis. Clinical and pathological nodal stages and age were the adverse factors in univariate analysis. Since the clinical and pathological nodal stages were dependent variables, we have performed the multivariate analysis by considering two models. The age, clinical tumour size, and the pathological complete response had an influence on the clinical outcomes and hence were taken as independent variables for multivariate analysis. The pathological nodal stage emerged as the strongest variable for predicting overall survival (HR: 3.15; 95% CI, 1.35 to 7.45; P = 0.009). The clinical nodal stage (HR: 2.33; 95% CI, 1.16 to 4.65; P = 0.017) and age (HR: 0.28; 95% CI, 0.10 to 0.82; P = 0.02) were also found to be significant predictors of overall survival. The clinical nodal stage significantly correlated with disease-free survival (HR: 2.44; 95% CI, 1.24 to 4.79; P = 0.009). The pathological nodal stage was also a significant predictor of disease-free survival (HR: 2.67; 95% CI, 1.20 to 5.89; P = 0.015). Age was not statistically significant for disease-free survival unlike overall survival (Table 3A and 3B).
Evaluation of MVD by CD31 and its prognostic significance
Out of 135 patients, 92 paraffin blocks of core needle biopsies could be retrieved with satisfactory tumour tissue from the tumour bank. There was no expression of CD31 in the normal breast tissue (Figure 1) . CD31+ blood vessels were observed in 52/92 tumour samples. The tumours that were negative for expression of CD31 (Figures 2 and 3) . The disease free and overall survival for 92 patients is shown (Figure 4) . The overall median MVD as determined by expression of CD31 was 5.5 and the mean MVD was 43.8. The median MVD of all 92 tumours was not significant as a prognostic factor probably due to sample size (data not shown). However, among the CD31 positive tumours (n=52), the MVD ranged from 1 to 391. Out of 52 tumours, 13 tumours had MVD greater than 100 and 39 tumours with MVD less than 100. The mean DFS and OS for the above 13 patients was lower ( Figure 5 ) than that of the rest of the patients whose MVD of the tumours was less than 100. The univariate analysis by Cox regression model in this set of patients suggests that patients with tumours having MVD greater than 100 were at a high risk for recurrence than the rest of the patients (Table 2 ). However, it was not significant. Despite exhaustive examination for expression of CLEC14A in core needle biopsies, we were unable to identify CLEC14A+ endothelial cells. However, in a limited number of patients (n=5) when we examined 
Discussion
Locally advanced breast cancer forms a significant group of patients in any developing country including India. The proportion of LABC can be as high as 50-60% in individual centres. Over the last 10 years, although breast cancer has become the most common in women at Chennai, the proportion of LABC has reduced. The management of these patients is quite challenging as initial surgery is not feasible. The treatment that has been evolved at Cancer Institute to treat patients with large LABC is to give concurrent chemo radiation. The long term outcomes with this approach are around 45% at 15 years (Shanta et al., 2008) . The pathological complete response rates are higher when compared to patients receiving sequential chemotherapy followed by radiation. A randomised trial is in progress to assess both approaches. Although, vascular density in tumours was shown to be an important prognostic factor in node negative breast cancer, subsequently this has been extended to all stages. However, most of these Clinicopathological studies were performed in patients with operable breast cancer. There is practically no report in the literature on MVD in LABC. The evaluation of MVD in LABC is challenging as the experiment has to be performed in a small core needle biopsy as opposed to a mastectomy specimen. It may also not be representative of the whole tumour. However, performing IHC after mastectomy is confounded by effects of treatment.
We found that in univariate analysis, the prognostic factors such as age, clinical node stage, and pathological nodal status significantly correlated with disease free and overall survival. We also found that the patients (n=52), whose tumours had very high MVD (greater than 100), had poor progression free and overall survival when compared to the rest of the patients, although it was not significant. There are previous reports which showed vascular counts by CD31 correlated with relapse free survival in primary operable early stage breast cancers (Horak et al., 1992; Toi et al., 1993) . A meta-analysis of 87 studies demonstrated that MVD was a significant prognostic factor in patients with breast cancer. This study also reported that MVD as assessed by CD31 or CD34 might be a better prognostic factor than Factor VIII (Uzzan et al., 2004) . A more recent study showed that increased MVD of CD31 in whole sections of breast biopsies was significantly associated (OR =1.69, 95% CI=1.17-2.44) with in situ or invasive breast cancer (Felix et al., 2016) . However, in our study, MVD as measured by expression of CD31 was not a significant prognostic factor for overall survival in the 92 patients. Similar results were also demonstrated in other studies that MVD of CD31 did not correlate with clinical outcome (Honkoop et al., 1998; Mayers et al., 1998; Charpin et al., 2004) . MVD determined by CD105 was found to predict disease free survival in patients with stage I and II diseases whereas only hormone receptors were found to correlate with overall survival in patients with stage III disease (Rau et al., 2012) . However,vascular invasion was reported to be a significant prognostic factor in basal and triple negative breast cancer by univariate and multivariate analyses (Mohammed et al., 2011) . Hence, the previous reports on MVD in breast tumours are not consistent. It is important to note that more careful appraisal of mean vascular density and its relation with different subtypes have to be performed. This may identify subgroups where vascular density correlates with outcome.
Our next objective was to study if the MVD as determined by the newly reported endothelial marker, C-type lectin 14A (CLEC14A) correlates with survival in LABC. We have evaluated MVD as detected by expression of CLEC14A in ovarian tumours and found that it was significantly lower than that of CD31 and CD105 (Krishna Priya et al., 2017) . Surprisingly, there was no expression of this marker in core needle biopsies from LABC and there was positive staining only in mastectomy specimens. It was reported that CLEC14A could be a more specific marker for tumour blood vessels (Mura et al., 2012) .The lack of expression of CLEC14A could be due to two reasons. Firstly, the size of the tissue from biopsies was not representative of the whole tumour and the second reason could be that CLEC14A is expressed at the later stages of tumour progression.
Although there are conflicting reports on the prognostic significance of MVD in breast cancer, antiangiogenic therapy is being used in treating patients with this tumour type. The phase 3 trial from 10 countries, with bevacizumab with capecitabine and bevacizumab alone, concluded that the former benefits both progressionfree survival and overall survival in patients with Her2 negative tumours (Gligorov et al., 2014) . However, other trials such as (E2100, AVADO, RIBBON-1 and RIBBON-2) showed that this therapy does not improve overall survival of patients with breast cancer (Seddon et al., 2014) . Despite this, there may be a benefit with bevacizumab, when the initial MVD is higher since it enhanced vascular normalization. Therefore, MVD before treatment could be a predictive marker in order to assess the response to bevacizumab in breast cancer and new therapies should be identified to normalize vessels (Tolaney et al., 2015) . Overall, the inability to show that MVD is a significant prognostic factor is probably related to the number of tumours. However it is equally possible, that as angiogenesis is not uniform within a tumour, and the biopsies may not be representative of active site of angiogenesis. This report sets the background for a more detailed evaluation of additional markers to evaluate MVD in LABC.
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